INTRODUCTION {#s1}
============

Over the past decade, eosinophilic esophagitis (EoE) has become a major cause of chronic gastrointestinal morbidity ([@R1],[@R2]). Dietary elimination is the nonpharmacologic mainstay of treatment in EoE patients of all ages, with efficacy shown in a number of studies and response rates varying by the degree of dietary restriction ([@R3]--[@R8]). There are several issues, however, with dietary elimination for EoE. Adherence to the most restrictive diets can be difficult. For example, more than 50% of adults were unable to tolerate an elemental formula diet for more than a few days ([@R4]), and children may require placement of feeding tubes to obtain adequate nutrition ([@R3],[@R9]). Although the six-food elimination diet (SFED), which removes dairy, wheat, egg, soy, nuts, and seafood, was conceived in part to improve adherence, response rates are variable ([@R8],[@R10]), multiple endoscopies are required to determine food triggers ([@R11]), and despite elimination of 6 foods, most patients have only 1--3 triggers ultimately identified ([@R6],[@R10],[@R11]). Perhaps, the most vexing problem is that no currently available allergy test can accurately identify specific food triggers leading to EoE. Skin prick testing correctly identifies food triggers in ≤13% ([@R6],[@R11],[@R12]), and this is the likely explanation for low response rates in allergy test-directed diets. Reliable methods to determine food allergy triggers in EoE would be of enormous clinical utility.

The current model of EoE pathogenesis holds that when food antigens are presented to the GI tract, previously sensitized T cells are triggered to produce a cascade of Th2 cytokines ([@R13]). This model is neither an immediate IgE- nor a classic delayed IgG-mediated response, and a recent study has identified food-specific IgG4 as important to the pathogenesis ([@R14]). A new approach to "allergy testing" in EoE would be to create a food trigger-specific immunological signature using both sensitized T cells and food-specific IgG4 as the basis for elimination diet therapy. Our previous work has shown that T cells sensitized to specific foods could be readily expanded and characterized in response to antigen in non-EoE patients with IgE-mediated peanut or egg allergies ([@R15]--[@R18]), and that food-specific IgG4 levels measured in esophageal biopsies might correlate with clinically identified food triggers ([@R19]). However, these measures have never been applied to creating individual elimination diets for EoE patients.

Therefore, the aims of this study were (i) to develop an immunologic approach to identifying dietary triggers and (ii) to prospectively test allergen-specific immune signature-guided dietary elimination therapy. We hypothesized that T cells obtained from the blood of a subject with active EoE, when cultured and stimulated with food allergens, and when coupled with allergen-specific IgG4 measured in an esophageal biopsy, would result in a food trigger-specific immunological signature that could be used to tailor an effective dietary treatment specific to that individual.

METHODS {#s2}
=======

This study was performed in 2 phases. In the first phase, we developed and assessed 2 methods for determining food triggers using samples from adults with EoE. We also optimized the laboratory techniques to be able to provide results within 2 weeks, a time frame felt to be clinically actionable. In the second phase, we clinically tested elimination diets created from the methods developed in the first phase ([clinicaltrials.gov](http://clinicaltrials.gov); NCT02722148). The study was approved by the University of North Carolina (UNC) Institutional Review Board, and all patients provided informed consent for participating and for use of biosamples.

Phase 1: Development of an allergen-specific immune signature {#s2-1}
-------------------------------------------------------------

### Patients and clinical data. {#s2-1-1}

We enrolled adults (≥18 years) with EoE as diagnosed per consensus guidelines, with a focus on patients who had undergone dietary elimination during the course of routine clinical care. The dietary elimination was performed on a clinical basis by the treating provider using SFED. In patients who were histologic responders (defined as \<15 eosinophils per high-power field \[eos/hpf; hpf size = 0.24 mm^2^\] after 6 weeks of dietary elimination), foods were individually added back every 6 weeks, and endoscopy was repeated for each food, as per standard clinical algorithms ([@R6],[@R9]--[@R11]). A food trigger was defined by an eosinophil count that increased to above 15 eos/hpf after food reintroduction. These patients were the source of the biosamples used in the laboratory assays for the first phase of this study. None of these patients had an immediate IgE-type food allergy reaction to any of the foods tested in this study.

### CD4^+^ T-cell proliferation assay. {#s2-1-2}

We obtained 30 mL of whole blood (in sodium heparin-containing tubes) for the CD4^+^ T-cell proliferation assays from the above EoE patients when their disease was active (\>15 eos/hpf on biopsy). Samples were placed on ice and immediately transported to the laboratory. The assays were conducted using standard methods established in our previous studies ([@R15]--[@R18]). In brief, peripheral blood mononuclear cells were separated from whole blood by Ficoll separation, labeled with carboxyfluorescein succinimidyl ester (CellTrace kit; Thermo Fisher Scientific, Waltham, MA), and placed into coculture (RPMI media) with the following allergens and controls: media alone (negative control); casein (milk protein); wheat; egg; soy; peanut; and anti-CD3/CD28 beads (positive control; Gibco Dynabeads for Human T-Cell Activation, Thermo Fisher Scientific). All food allergens were added to cell culture at 200 μg/mL, and the anti-CD3/CD28 beads were added at 5 µL per 0.5 × 10^6^ peripheral blood mononuclear cells. Allergens were prepared as aqueous extracts from powdered food sources (wheat flour from Honeyville; egg white powder from Debel; soy flour from Honeyville; and peanut flour from Golden Peanut Company) following our previously published methods ([@R20]), except for casein, which was purchased from Sigma-Aldrich. After 7 days in culture with 5% CO~2~ at 37 °C, cells were stained with anti-human CD4 (PE-Cy5; BD Biosciences, San Jose, CA), and flow cytometry was performed to quantify the proportion of CD4+ carboxyfluorescein succinimidyl ester--low T cells, reflecting the proportion of antigen-specific CD4+ T cells. Flow cytometry data were acquired on a CyAn ADP (Beckman Coulter, Brea, CA) and analyzed with FlowJo Software (FlowJo, LLC, Ashland, OR). We selected the 5 antigens of interest as these are among the most commonly reported food triggers for EoE ([@R6],[@R11],[@R21],[@R22]) and also overlapped with the clinical data for food triggers in our patient population ([@R10],[@R23]).

### IgG4 assay. {#s2-1-3}

We used a single esophageal biopsy that was obtained from each patient during an endoscopy where the EoE was histologically active (≥15 eos/hpf) before dietary elimination and flash frozen with liquid nitrogen and then stored at −80 °C. Of note, patients were on a proton pump inhibitor (PPI) and had failed the PPI trials as required by diagnostic guidelines at the time of the study conduct ([@R24],[@R25]); no patients with PPI-responsive esophageal eosinophilia were included. However, no patients were on other medications such as H2 receptor blockers, topical/swallowed steroids, or systemic steroids. Using methods we have previously reported ([@R19]), biopsies were homogenized in protease inhibitor, and protein content was determined and normalized to 100 μg/mL. ELISA was used to quantify total and food-specific IgG4. For total IgG4 measurements, Immulon 4HBX microtiter plates (Thermo Fisher Scientific) were coated with mouse anti-human Ig κ light chain (clone G20-193; BD Biosciences; diluted 1:250). For food-specific IgG4 measurements, plates were coated with 20-µg/mL casein, wheat, egg, soy, or peanut extract (same source of allergens used in the CD4 T-cell assay above). A standard curve was created by coating wells with purified mouse anti-human IgG4 (clone G17-4; BD Biosciences; diluted 1:250) and using serial dilutions of native human IgG4 (Abcam, Cambridge, MA). Detection was performed using mouse anti-human IgG4-horseradish peroxidase antibody (clone HP6025; Southern Biotech \[Birmingham, AL\]; diluted 1:1,000) with tetramethylbenzidine substrate. Food-specific IgG4 was normalized as a percentage of total tissue IgG4.

### Statistical analysis for thresholds. {#s2-1-4}

Analysis was performed using the known food triggers for each patient and the matched blood lymphocyte proliferation results and tissue IgG4 levels. We used a multistep process to determine the optimal cutoff values for the 2 assays. First, we assessed the distribution of the results for each assay for each of the foods. Then, for each of the 5 potential food triggers, we compared the mean proportion of proliferating lymphocytes in patients with and without the food trigger and the mean food-specific IgG4 level (normalized for total tissue IgG4) in patients with and without the trigger. These 2 methods provided data regarding the range of the assay results and relation to the different food triggers. Next, using receiver operator characteristic curve analysis, we calculated the area under the curve and explored thresholds for lymphocyte proliferation and food-specific IgG4, both individually and then combined, that maximized sensitivity, specificity, and accuracy for each food trigger. Maximizing accuracy (the number of positive results in patients with a given food trigger, plus the number of negative results in patients without the given food trigger, divided by the total number of patients) was prioritized as this was felt to be the most clinically meaningful value. In this article, we use the terms accuracy and agreement interchangeably. Because this phase of the study was developmental, there was no formal sample size calculation.

Phase 2: Clinical testing {#s2-2}
-------------------------

### Study design, patients, and samples. {#s2-2-1}

We conducted a prospective cohort pilot study at UNC Hospitals. Patients aged 16--80 years with active EoE, as diagnosed per consensus guidelines ([@R24],[@R25]), who had never been on dietary elimination therapy, were eligible. Patients were excluded if they had concomitant eosinophilic gastroenteritis, any systemic or swallowed corticosteroid exposure in the 4 weeks before their baseline endoscopic examination, previous esophageal surgery, medical instability that precluded safely performing upper endoscopy, inability to read or understand English, and pregnancy. If patients were still taking a PPI at study enrollment, they were required to maintain the same dose unchanged until the end of the study. Before the baseline (predietary elimination) endoscopy, we obtained a blood sample (30 mL; sodium heparin-containing tubes, as above), and during the procedure, an esophageal biopsy was obtained for IgG4 determination, flash-frozen in liquid nitrogen, and kept at −80 °C. The samples were immediately transported to the laboratory for the lymphocyte proliferation assay and food-specific IgG4 level determination, using the same protocols as described above.

### Individualized diet creation and dietary elimination. {#s2-2-2}

Using the thresholds that maximized predictive accuracy from both assays, we created an individualized diet eliminating between 1 and 5 foods (dairy, wheat, egg, soy, and/or peanuts). Patients then had a standard-of-care appointment with a clinical nutritionist to guide dietary elimination and provide information about avoidance of their specific food triggers. At this time, they also underwent skin prick testing for the 5 trigger foods of interest, using standard clinical techniques ([@R26],[@R27]). After this appointment, the patients were treated with dietary elimination for 6 weeks, at which point repeat upper endoscopy was performed. Dietary compliance was assessed by patient interviewers before the post-treatment endoscopy reviewing their adherence to the recommended elimination regimen.

### Outcomes. {#s2-2-3}

The primary outcome was histologic response, defined as a post-treatment esophageal eosinophil count of \<15 eos/hpf after 6 weeks of dietary elimination ([@R28]--[@R30]). The secondary outcomes were (i) change in the absolute esophageal eosinophil count; (ii) improvement in the endoscopic appearance, as measured by the EoE Endoscopic Reference Score (EREFS), a validated endoscopy score ([@R31]); and (iii) improvement in symptoms, as measured by the EoE Symptom Activity Index (EEsAI), a validated dysphagia symptom score ([@R32]); patient-reported global symptom improvement was also assessed. All data were collected on standardized case report forms by the study coordinator and entered into a secure database.

### Statistical analysis. {#s2-2-4}

To determine the response rate for the primary outcome, the number of subjects with \<15 eos/hpf on follow-up endoscopy was calculated. For secondary outcomes, eosinophil counts, endoscopy scores, and symptoms scores were compared before and after treatment with either paired *t* tests or the Wilcoxon signed-rank test, depending on data distributions. We also performed exploratory analyses examining the median change in CD4+ cell proliferation and food-specific tissue IgG4 levels between baseline and after treatment, both overall and stratified by histologic response. As this was a proof-of-principle pilot study, we focused only on patients who were compliant with the dietary elimination regimen. For the same reason, and because this study did not have a comparison group, there was not a formal sample size calculation. However, we planned to enroll at least 20 subjects and hypothesized that 75% would have a histologic response to the allergen-specific immune signature dietary elimination.

RESULTS {#s3}
=======

Phase 1: Performance of allergen-specific thresholds for identifying food triggers {#s3-1}
----------------------------------------------------------------------------------

Samples from 24 EoE subjects who met inclusion criteria were analyzed for this phase of the study. The mean age was 38 years, 25% were men, 96% were white, 75% had at least 1 atopic condition, and dysphagia was the predominant symptom in 92% (Supplemental Table 1, Supplementary Digital Content 1, <http://links.lww.com/CTG/A113>). From the clinically conducted dietary elimination, 15 patients were histologic responders (63%) with subsequent determination of known triggers, and 9 were nonresponders. All these subjects were included in the analyses, as the nonresponders were required to assess false-positive rates. Dairy was the most commonly identified trigger, seen in 11 (73%), followed by egg (53%), wheat (33%), soy (27%), and peanut (20%) (Supplemental Table 1, Supplementary Digital Content 1, <http://links.lww.com/CTG/A113>).

The CD4^+^ T-cell stimulation assays were performed, and flow data were acquired and gated as shown (Figure [1](#F1){ref-type="fig"}) The proportion of proliferating CD4^+^ T cells was numerically higher in patients with wheat, egg, and peanut as a known trigger, compared to those without these foods as a trigger (Figure [2](#F2){ref-type="fig"}a). For example, 7.0% ± 5.4% of lymphocytes were stimulated by egg in patients with egg as a known trigger, compared with 2.8% ± 3.5% where egg was not a trigger (*P* = 0.07). Food-specific IgG4 levels were numerically higher in patients with milk, wheat, and egg as a known trigger, compared to those without these foods as a trigger (Figure [2](#F2){ref-type="fig"}b). For example, the proportion of wheat-specific IgG4 normalized for total tissue IgG4 was 15.2% ± 15.2% in patients with wheat as a known trigger, compared with 2.7% ± 2.5% where wheat was not a trigger (*P* = 0.04).

![Representative flow data from peripheral blood mononuclear cells cultured with indicated antigens. Lymphocytes are gated, then CD4+ CFSE-low cells are selected. (**a**) Negative control (media) with 0.04% stimulated CD4+ CSFE-low cells and positive control (anti-CD3/CD28) with 11.1% stimulated cells. (**b**) Two representative subjects. The subject in the top line has elevated responses to soy and milk at 6.67% and 4.57% stimulated, respectively. The subject in the bottom line has elevated responses to wheat and milk, at 3.23% and 5.60% stimulated, respectively. CFSE, carboxyfluorescein succinimidyl ester.](ct9-10-e00099-g001){#F1}

![Comparison of assay results by presence or absence of food triggers. (**a**) Results of the CD4^+^ T-cell proliferation assay show the mean proportion of T cells stimulated by those who have a food trigger present (gray bars) compared with those who do not (black bars). None of the comparisons are statistically significant, although there was a trend with egg (*P* = 0.07) and peanut (*P* = 0.10). (**b**) Results for food-specific IgG4 (normalized to total tissue IgG4). The comparison for wheat is significant (*P* = 0.04), and there is a trend for egg (*P* = 0.08). CFSE, carboxyfluorescein succinimidyl ester.](ct9-10-e00099-g002){#F2}

For the CD4^+^ T-cell proliferation assay, agreement between the proliferation threshold and the known food trigger was 75%, 71%, 50%, 42%, and 47% for peanut, egg, soy, wheat, and milk, respectively (Table [1](#T1){ref-type="table"}). For food-specific tissue IgG4, agreements were 67%, 80%, 67%, 77%, and 53%, respectively. Sensitivity, specificity, and agreement were optimized when a positive test on either assay was used, with agreements of 60%, 75%, 53%, 58%, and 53% for peanut, egg, soy, wheat, and milk, respectively (Table [1](#T1){ref-type="table"}).

###### 

Sensitivity, specificity, and accuracy of the immune signature thresholds for predicting known eosinophilic esophagitis food triggers

![](ct9-10-e00099-g003)

Phase 2: Clinical testing and outcomes {#s3-2}
--------------------------------------

Of 27 patients screened for this phase, 24 were enrolled (the 3 patients who did not qualify were responsive to PPI therapy and were not considered to have EoE at the time this study was conducted ([@R24], [@R25])), 2 were lost to follow-up and never received their dietary treatment, and 22 completed the study protocol. The mean age was 44 years, 45% were men, 95% were white, at 55% had at least 1 atopic condition (Table [2](#T2){ref-type="table"}). Dysphagia was the predominant symptom, and while the median symptom length before EoE diagnosis was more than 7 years, the median length of time between diagnosis and study entry was \<1 year. Of note, 16 of the patients (73%) had previously been treated with topical steroids, and 8 were steroid nonresponders; 15 patients (68%) had previously required esophageal dilation (Table [2](#T2){ref-type="table"}).

###### 

Characteristics of the clinical study cohort

![](ct9-10-e00099-g004)

After the CD4^+^ T-cell proliferation and IgG4 assays were complete, a total of 12 individualized diets were created spanning the 22 patients who received treatment (Supplemental Figure 1, Supplementary Digital Content 1, <http://links.lww.com/CTG/A113>). The mean number of foods eliminated was 3.4 ± 1.2, with 27% of subjects eliminating 3 foods and 23% eliminating 2 foods.

In the 19 subjects compliant with the diet, 14 (74%) had a decrease in eosinophil count after treatment, and there were 4 histologic responders (21%). The foods eliminated for the diets for these responders were dairy/wheat/soy/peanut, dairy/wheat/egg/peanut, and dairy/wheat/egg/soy/peanut for 2 patients. The median peak eosinophil count decreased from 75 (interquartile range \[IQR\] 40--100) to 35 (IQR 20--63) (*P* = 0.007) (Table [3](#T3){ref-type="table"}; Figure [3](#F3){ref-type="fig"}a), and the median percent decrease was 65% (IQR −77 to 0). The proportion of subjects with any atopy present was similar in nonresponders and responders (60% vs 75%; *P* = 0.58). In the subgroup of patients previously treated with topical steroids (13 of 19 compliant patients), the proportion of subjects with previous steroid response was lower in diet nonresponders (4 of 11; 36%) than in responders (2 of 2; 100%), but this was not significant (*P* = 0.10).

###### 

Baseline and post-treatment outcomes data---per-protocol in compliant patients (n = 19)

![](ct9-10-e00099-g005)

![Outcomes before and after dietary elimination: (**a**) peak eosinophil counts; (**b**) total EREFS; and (**c**) EEsAI score. EEsAI, Eosinophilic Esophagitis Symptom Activity Index; EREFS, Eosinophilic Esophagitis Endoscopic Reference Score.](ct9-10-e00099-g006){#F3}

The mean total EREFS significantly decreased after treatment (4.6 ± 3.0 vs 3.0 ± 1.9; *P* = 0.002), and 10 patients (53%) had a ≥50% decrease in the EREFS (Figure [3](#F3){ref-type="fig"}b). All components of the EREFS system improved with the exception of strictures (Table [3](#T3){ref-type="table"}). The mean EEsAI score decreased after treatment (32.5 ± 32.5 vs 25.0 ± 23.1; *P* = 0.06) in 17 subjects with this data available (Figure [3](#F3){ref-type="fig"}c), and 7 (41%) were in symptomatic remission defined by an EEsAI of \<20. Thirteen patients (68%) had a global symptom improvement in dysphagia.

Post hoc analyses and patient follow-up {#s3-3}
---------------------------------------

Of the 4 histologic responders, 3 underwent food reintroduction on a clinical basis, and food triggers were confirmed to be dairy, wheat, and soy (in the subject eliminating these 3 foods and peanut), dairy, wheat, and egg (in a subject eliminating all 5 foods), and dairy (in a subject eliminating dairy, wheat, egg, and peanut). Of note, there were 2 patients who had a symptom and endoscopic response, but no histologic response, who were maintained on the same diet off protocol for an addition 3 months, and these patients subsequently had a histologic response. The diets for these subjects were dairy/wheat/egg/peanut elimination (subsequent triggers identified were dairy, wheat, and egg) and dairy/wheat/egg/soy/peanut elimination (subsequent triggers identified as dairy, wheat, egg, and soy).

For this set of patients with an initial and eventual histologic response, the agreement between their individualized testing on the lymphocyte proliferation and IgG4 assays and the clinically confirmed food triggers was 100% for dairy, 80% for wheat, 75% for egg, 66%, for soy, and 0% for peanut. For these patients, the agreement between their baseline skin prick testing and the clinically confirmed food triggers was 0% for dairy, 20% for wheat, 50% for egg, 33% for soy, and 60% for peanut.

We also compared the assay results at baseline and after treatment, and overall, there were mild decreases in the median levels for both assays in the total study population (Supplemental Table 2, Supplementary Digital Content 1, <http://links.lww.com/CTG/A113>). When stratified by histologic response, there were numerically greater median decreases in CD4+ T-cell stimulation levels for all 5 foods in the histologic responders (initial and eventual responders) compared with nonresponders, but these decreases were not statistically significant. Trends were not as clear for the food-specific tissue IgG4 levels. In addition, baseline proportions of both CD4+T cells and food-specific tissue IgG4 levels were numerically higher in histologic responders than nonresponders, but these differences also were not significant (data not shown).

DISCUSSION {#s4}
==========

Dietary elimination is the only nonpharmacologic treatment for EoE and is currently recommended as an option for first line therapy ([@R9]). Empiric elimination diets are commonly used primarily because targeted elimination diets using traditional IgE-based allergy testing have a poor performance predicting food triggers for EoE ([@R6],[@R8],[@R11],[@R12]). Inability to identify food triggers of EoE in a given patient before elimination is currently a major limitation of dietary therapy in EoE, and new methods to detect food triggers are sorely needed. In this study, we successfully developed a 2-pronged approach for identifying food triggers. First, based on the fact that EoE is a T-cell--driven process, we used peripheral blood samples to perform lymphocyte proliferation assays to quantify relative proportions of antigen-specific T cells. Second, based on the hypothesis that IgG4 may be involved in EoE pathogenesis, we measured food-specific IgG4 in esophageal biopsies. After assessing these assays in patients with known food triggers, we were able to develop thresholds for combined results from the 2 test methods. Accuracy rates for this approach were 53%--75%, and although these rates were not perfect, they were substantially higher than previously reported for skin prick testing alone ([@R6],[@R11],[@R12]), suggesting there may be clinical utility in this approach. We were also able to optimize the assays to provide results in less than 2 weeks, a clinically actionable time frame (particularly since it can take up to a week for esophageal biopsies results to be returned from the clinical pathology laboratory). In the subsequent prospective pilot trial, an individualized allergen-specific immune signature-based diet led to improvement in eosinophil counts, endoscopic severity, and symptoms of dysphagia, but a smaller than expected number of patients achieved histologic remission after 6 weeks of treatment. However, the average number of foods eliminated was 3, fewer than either the empiric SFED or 4-food (4FED) approach, although we acknowledge that the responders were eliminating more than 3 foods.

The resource intensity of the SFED has been well described in the literature ([@R9],[@R11],[@R33]). However, this diet can be highly efficacious in motivated patients at expert centers with appropriate dietician/nutritionist support and a multidisciplinary approach, with histologic response rates of ∼70% reported in a meta-analysis ([@R8]). It may be difficult and adds extra cost for patients to adhere to this diet ([@R34]), and the long-term feasibility of this approach is still not established ([@R11],[@R22],[@R23]). Because of this, less restrictive empiric elimination diets have been examined, including 4FED (dairy/wheat/egg/soy) ([@R35]--[@R37]), 2FED (dairy/wheat) ([@R38]), and 1FED (dairy) ([@R39],[@R40]). In general, as the number of foods is decreased, the efficacy also drops. One study used results from all published dietary studies to model different empiric elimination approaches and found that a 1-4-8 approach (dairy elimination, followed by dairy/wheat/egg/soy, followed by dairy/wheat/egg/soy/corn/chicken/beef/pork) might be the most efficacious approach, but this has yet to be tested clinically ([@R41]). There have been other investigations into directing dietary elimination as well, but results with component resolved diagnostics and serum IgE testing have been disappointing ([@R42],[@R43]). A combination of skin prick testing, atopy patch testing, and empiric elimination of dairy has shown excellent results in children ([@R21]), but the patch testing component has not been able to be reliably reproduced ([@R26],[@R42],[@R44]). One recent study found increased activated of Th2 cells as measured by CD154 upregulation after antigen stimulation (a technique in peripheral blood similar to our approach) in pediatric patients with milk-induced EoE, but the results were not applied clinically during the study ([@R45]).

Our histologic response rate, using an eosinophil count threshold of \<15 eos/hpf, was lower than expected and also lower than previously reported targeted elimination approaches using traditional allergy testing ([@R8],[@R44]). There are several possible reasons for this. First, we enrolled a relatively severe EoE patient population. They had a long duration of symptoms before diagnosis, a high rate of strictures or narrowing requiring previous dilation (which has been shown to be a risk factor for nonresponse to topical steroid therapy ([@R46],[@R47]), although it is not known whether this also predisposes to dietary nonresponse), and a high proportion of patients who were steroid refractory. In our previous work, steroid refractory patients have been less likely to respond to dietary therapy ([@R23],[@R47]), and future studies of this technique could consider excluding steroid refractory patients. Although the numbers in our study were small, it is interesting to note that all the histologic responders in this study who had previously been treated with topical steroids were also previous steroid responders. Second, we only tested 5 food allergens, and it is possible that there could have been other food triggers that were not eliminated in the nonresponders. Ideally, future studies will evaluate a larger group of food antigens. Third, it is possible that the thresholds that we set based on the first phase of this study were not optimal, and adjustments as more patients are treated with this modality could improve outcomes. However, despite the low response rate at the 15 eos/hpf level, we still noted that most patients had a decrease in the eosinophil count, and the post-treatment count was significantly lower than the baseline. With this, there was concomitant significant improvement in endoscopic severity as measured by the EREFS and a strong trend toward improvement in dysphagia symptoms measured by the EEsAI. In addition, in the post hoc analysis, there were an additional 2 patients who achieved histologic remission based on continuing the diet for a longer treatment period, a phenomenon that we had previously observed ([@R48]). The immune signature-based dietary elimination approach also has some important advantages. There were fewer foods eliminated on average, and if this holds during future studies, it would imply that fewer repeat endoscopies are needed during the food reintroduction phase. It is also a patient-centered and individualized approach, which is highly desirable as reflected in our high initial enrollment rate. Although the numbers are small and the results must be interpreted conservatively, we found better correlation with this technique than with the skin prick test in the patients who had histologic response.

It is important to acknowledge limitations of this study. As a proof-of-principle study, the sample size was small, it was conducted at a single referral center, and for the clinical testing phase, there was no comparator arm; so, symptom data should be interpreted with caution. In addition, the study included only EoE patients with nonresponse to PPI, and so, the results can not necessarily be applied to PPI responders. The set of foods tested was small (only 5 food antigens), and these were all nested within what would typically be performed with the SFED. This is an issue because results might be due to chance, and in the present iteration, this approach may not offer benefit above a 4FED or 6FED. However, as more food antigens are tested and thresholds developed in the future, we would expect the utility of this individualized approach to increase. Last, the results are presented only in the compliant patients in what is essentially a per-protocol analysis. However, because the study is proof of principle, the best way to determine whether there is a signal is to focus on the subjects in whom the treatment was optimized; noncompliant patients did not provide any actionable data for the purpose of this study. The study also has a number of strengths. The overall approach was comprehensive, with a development phase followed by initial clinical testing. The clinical phase was a prospective cohort, with rigorous conduct and use of validated outcome measures. It also merged novel laboratory techniques with actionable results in a clinically relevant time frame.

In conclusion, an allergen-specific immune signature testing approach was successfully developed using CD4^+^ T-cell proliferation and esophageal food-specific IgG4 levels. Initial accuracy rates for this approach were substantially higher than previously reported for skin prick testing alone, indicating a potential clinical application. In the subsequent prospective pilot trial, the individualized dietary elimination led to improvement in eosinophil counts, endoscopic severity, and symptoms of dysphagia, but a smaller than expected number of patients achieved histologic remission. Because fewer foods than traditional elimination diets were required, further investigation of this individualized approach is warranted with testing of a wider set of food antigens.
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###### Study Highlights

WHAT IS KNOWN
-------------

✓ Dietary elimination is a first-line nonpharmacologic treatment for EoE.✓ Current allergy tests do not have sufficient accuracy to guide dietary elimination, and so, empiric diets are typically used.

WHAT IS NEW HERE
----------------

✓ An allergen-specific testing approach was successfully developed using CD4^+^ T-cell proliferation and esophageal food-specific IgG4 levels.✓ Initial accuracy rates for this approach were substantially higher than previously reported for skin prick testing alone.✓ In a prospective pilot trial, this approach led to improvement in eosinophil counts, endoscopic severity, and symptoms of dysphagia.✓ A smaller than expected number of patients achieved histologic remission.

TRANSLATIONAL IMPACT
--------------------

✓ Laboratory assays have the potential ability to identify food triggers for EoE.✓ Dietary therapy can potentially be personalized and more efficiently targeted to an individual patient\'s food triggers.

Supplementary Material
======================

###### SUPPLEMENTARY MATERIAL

**SUPPLEMENTARY MATERIAL** accompanies this paper at <http://links.lww.com/CTG/A113>
